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MYOELECTRIC　ACTIVITY　ANALYSIS　OF
ELE］MENTAL］MOVE］MENTS　FOR　BODY
MOTION　CONTROL　BY　FES
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　　　　　　　　　　　　　　　　　　and　Yasunobu　HANDA＊＊
Introduction
　　　There　are　a　number　of　pr6blems　concerning　the　elderly　and　the　disabled　in
Japan　which　is　rapidly　becoming　the　aging　society．　Increasing　the　population　of　the
aged　or　handicapped　brings　shortage　of　helpers．　Therefore，　the　development　of『a
new　biomedical　technology　for　living　with　high　quality　of　life　is　necessary（Sar・
anummi，1992）．
　　　Patients　with　upper　motor　neuron　disorders，　caused　by　cerebral　apoplexy　or
spinal　cord　injury，　lost　motor　functions　and（would）require　some　assistance　from
their　family　members，　nurses，　or　others　for　activity　of　daily　living（ADL）．　Since　the
peripheral　neuromuscular　system　of　the　patients　has　no　lesions　in　spite　of　paralysis，
externally　applied　electrical　pulses　can　cause　muscle　contraction．　This　technique　is
referred　to　Functional　Electrical　Stimulation（FES）（Hoshimiya　et　al．，1989b）．　FES
has　been　introduced　into　the　clinical　situation　in　recent　years．　It　could　realize　to
restore　volitional　motions　of　upper　extremities（grasp，　opening　of　a　hand；flexion，
extension　of　an　elbow；flexion，　abduction，　horizontal　adduction／abduction　of　a
shoulder）of　the　quadriplegics（Hoshimiya　et　al．，1989b；Kameyama　et　al．，1992）or
those　of　lower　extremities（standing；walking）of　the　paraplegics（lchie　et　al．，1989）．
By　contrast　with　these　applications，　the　technique　has　not　been　discussed　on　the　body
mOVement　COntrOl．
　　　Amethod　in　order　to　restore　body　movements　by　means　of　FES　is　strongly
required．　Patients　who　are　confined　to　beds　for　a　long　time　suffer　severe　bedsores
（decubitus）frequently．　It　is　well　known　that　the　turning－over　of　the　body　is
effective　to　prevent　bedsores．　If　the　patients　can　turn－over　their　body　without
helpers，　the　workload　of　the　helpers　will　be　lightened　and　eMciency　with　which　the
patients　are　cared　for　can　be　improved．　In　this　paper，　we　would　like　to　describe　an
analysis　of　electromyograms（EMGs）of　normal　subjects　during　body　elementa1
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movements，　and　consider　a　strategy　to　create　stimulation　patterns　for　the　body
movement　control　by　FES．
Elemental　movements　for　total　body　motion
　　　In　order　to　restore　a　desired　body　motion　by　FES，　a　stimulation　pattern　which
indicates　a　contraction　intensity　of　a　muscle　must　be　created　before　being　applied　to
asubject．　Although　the　anatomical’information　about　muscle　functions　is　valuable
for　creating　patterns，　it　is　insu伍cient　because　of　the　following　reasons：1）the
information　often　neglects　coactivation　with　plural　muscles，　e．g．　synergists　or
antagonists；2）available　information　is　just　a　qualitative　description　so　that　it
provides　little　suggestion　to　determine　a　quantitative　intensity．　For　realizing　better
motions　by　FES，　the　measurement　of　the　muscle　activities　during　an　objective
motion　is　required．　Our　previous　study　proved　that　trapezoidal　approximation　of
EMG　signals　enabled　us　to　create　stimulation　patterns　to　achieve　the　restoration　of
the　motor　functions　of　extremities（Hoshimiya　et　al．，1989b）．　Hence　we　will　analyze
myoelectric　activities　of　normal　subjects，　and　evaluate　how　they　activate　their
muscles　during　an　objective　movement　through　the　EMG　analysis．
　　　Amotion　seems　to　be　a　spatio－temporal　organization　of　further　elemental
movements．　For　example，　a　cylindrical　grasp　motion　of　a　hand　is　restored　as　the
extension　of　fingers，　the　oPPosition　and　extension　of　a　thumb，　and　the　subsequent
flexion　of　them（Hoshimiya　and　Handa，1989a）．　From　this　point　of　view，　a　desired
motion　DM（t）can　be　expressed　by　the　linear　combination　of　elemental　movements
EM（t）as　Equation　l　as　the　first　approximation：
D〃（の＝Σ｛・4・×E！眈・（t－　T，）｝
　　　　　　　i
（1）
where　the　su伍x　i　is　an　identification　of　elemental　movements（flexion／extension，
adduction／abduction，　etc．），ノ1　is　a　coef丘cient，　and　7’is　a　delay．　The　relation
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between　E1匠（t）and　muscle　activities　is　obtained　through　the　EMG　analysis．　We
regard　that　the　correspondence　of　the　stimulation　with　the　EMG　signal　yields　an
expected　elemental　movement・An　apPropriate　coordination　of　movements　by
stimulation　will　generate　a　desired　motion．　The　restoration　procedure　is　schemati．
cally　displayed　in　Figure　1・This　strategy　has　the　advantage　of　wide　apPlication　by
combining　those　movernents．　Ideally，　it　is　possible　that　any　voluntary　motion　will
be　achieved　by　selecting　the　optimum　combination，　if　all　elemental　movements　are
stored　in　a　pattern　library．
Selection　of　important　muscles　for　elemental　movement
　　　Since　many　muscles　interact　to　create　even　a　single　motion　in　general，　it　is
complicated　to　produce　stimulation　patterns．　In　order　to　simplify　the　expression　of
muscle　activities，　we　should　neglect　those　muscles　which　are　less　important　about　an
objective　motion，　where　the　importance　of　a　muscle　is　defined　whether　the　motion
cannot　be　realized　without　stimulating　that　muscle．　We　have　already　reported　the
evaluation　of　an　importance　by　using　a　mean　value　of　the　mthscle　activity
（Kameyama　et　al．，1992）．　It　is　di伍cult　to　make　an　evaluation　by　the　criterion　when
activities　are　small．　Resistive　forces　or　external　loads　are　sometimes　applied　to　a
subject　to　exaggerate　activities（Hoshimiya　etα1．，1989c）．　However，　that　situation
allows　unnatural　activities　which　normal　subjects　hardly　ever　do　in　their　daily　living．
Therefore，　we　propose　a　variation　of　EMG　signals　to　evaluate　the　importance　in　this
paper．
　　　Both　individual　variation　and　trial　variation　exist　generally　among　the　acquired
EMG　signals　because　of　redundancy　in　the　muscle　system　or　of　some　other　reasons．
More　important　muscles，　e．g．　prime　movers，　for　an　objective　movement　must　be
activated　in　every　tria1．　On　the　other　hand，　less　important　ones　are　not　always
activated．　Hさnce，　the　magnitude　of　variation　in　an　objective　movement　relates　to
the　importance，　or　necessity，　of　the　muscle　in　an　objective　movement．　Then，　we
make　the　following　assumption；the　less　variation　there　is，　the　more　important　the
muscle　will　be　in　a　movement．
Methods
　　　The　anteflexion，　dorsiflexion，　lateral（leftward）bending，　and（leftward）rotation
were　adopted　as　elemental　movements　of　the　thoracolumbar　region　as　shown　in
Table　1．　The　rightward　movements　about　the　lateral　bending　and　rotation　were
ignored　because　of　assuming　symmetry．　In　order　to　measure　the　data　under　a
clinical　situation，　the　movements　were　examined　in　several　positions；the
anteflexion　in　the　supine　position，　the　dorsiflexion　in　the　prone　position，　the　lateral
bending　in　the　supine，　prone，　unilateral（left）position，　and　the　rotation　in　the　supine，
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Table　1．　Elemental　movements
movement
anteflexion
dorsiflexion
Iateral
　（leftward）
　bending
（leftward）
rotation 乙
の
④
う
initia玉body　position
suplne
P「one
suplne
prone
unilateral
SUPIne
P「one
sitting
Obliquus
Externus
Abdominis
Erector
Spinae
RectusAbdominis
dti　s
Gravity
（Supine　Position）
（Prone　Position）
（Sitting　Position）
　　　　Lumbar　V・rt・brae　4
Fig．2．　Cross　sectional　view　of　thoracolumbar　region．
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prone，　sitting　Position．
　　　The　cross　sectional　view　of　thoracolumbar　region　is　shown　in　Figure　2．　The
direction　of　the　gravity　in　the　supine，　prone，　sitting　Position　is　also　shown　in　this
figure．　The　objective　muscles　were　both　left　and　right　sides　of　the　rectus　abdominis，
obliquus　externus　abdominis，　and　erector　spinae．　Multichannel　EMG　signals，　which
are　mainly　related　to　the　movements，　were　acquired　simultaneously　with　surface
electrodes　by　the　bipolar　method．　The　reference　electrode　was　placed　at　the　right
ankle．　Those　EMG　signals　were　ampli丘ed，　full　wave－recti丘ed，　and　smoothed（the
time　constant　was　O．47　sec）．　These　smoothed　signals　indicate　contraction　intensity
of　the　objective　muscles．
　　　Six　normal　subjects（21－23　years，　Male）performed　the　movements　displayed　in
Figure　3．　At　first，　a　subject　took　the　initial　position　shown　in　Figure　3．　Next，　he
performed　the　movement　for　l　second　and　maintained　the　posture　for　3　seconds．
The　signals　were　investigated　from　the　time　when　the　movement　began　till　3　seconds
afterwards．　They　were　normalized　as　percentages　of　the　magnitude　of　the
myoelectric　activity　during　the　maximum　voluntary　contraction　of　the　muscles
under　the　isometric　condition．
　　　Acoeflicient　of　variation（CV），　i．e．　the　ratio　of　the　standard　deviation　to　the
mean　value，　of　the　acquired　signal　was　calculated　as　individual　variation，　and　then
this　CV　was　adopted　as　a　measure　of　importance　of　the　muscles　for　an　objective
movement．
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Fig．3．　Thoracolumbar　movements
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Experimental　resUlts
　　　The　rotation　is　a　prime　movement　for　the　turning－over　motion．　Typical　exam－
ple　of　acquired　EMG　signals　during　the　rotation　in　the　supine　position，　prone
position，　and　sitting　position　are　shown　in　Figure　4．　The　activities　of　the　right
obliquus　externus　abdominis　and　the　left　erector　spinae　were　observed　in　all　posi－
tions．　These　results　support　our　previous　paper　which　considered　the　muscle
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EMG　recordings　during　the　rotation
the　supine　position
the　prone　position
the　sitting　position
the　rectus　abdominis（right）
the　rectus　abdominis（left）
the　obliquus　extemus　abdominis（right）
the　obliquus　externus　abdominis（left）
the　erector　spinae（right）
the　erector　spinae（left）
（c）
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Table　2．　Normalized　myoelectric　activity（％）
R．A． 0．E．A． E．S．
movement
right left right left right Ieft
anteflexion　　　．rUPlne 59 56 39・ 38 2 1
dorsiflexionprone 5 3 5 6 55 55
1atera1 　　　．唐浮垂撃獅 10 19 2 45 1 19
（leftward）
b?獅р奄獅 prone 5 4 2 21 15 49
unilateral 4 17 2 48 2 33
（leftward） 　　　．1唐浮垂撃獅 35 29 35 15 1 7
　　　　．窒盾狽≠狽撃盾
P「one 5 2 13 12 32 40
sitting 1 1 11 16 1 20
R．A．　：the　rectus　abdominis
O．E．A．：the　obliquus　extemus　abdominis
ES．　　：the　erector　spinae
activities　during　the　turning－over（Murakami　et　al．，1991）．
　　　However，　some　difference　in　amplitude　arose　among　these　three　positions．
Abdominal　muscles　in　the　supine　position　and　back　muscles　in　the　prone　position
seemed　to　be　enhanced．　It　is　considered　that　the　infiuence　of　the　gravity　appeared
clearly．　The　result　in　the　sitting　position（and　the　erect　position，　probably）shows　an
ideal　activity　for　the　rotation　because　the　movement　occurred　in　a　horizontal　plane
in　this　position　and　the　direction　of　the　movement　was　perpendicular　to　that　of　the
gravity．
　　　The　normalized　myoelectric　activities　in　all　movements　are　summarized　in
Table　2．　The　results　can　be　anticipated　from　the　previous　description　based　on　the
results　shown　in　Figure　4；expected　prime　movers　or　antagonists　against　the　gravity
acted　greatly　to　attain　the　task．　Coefficients　of　variation（CV）of　activities　are　also
indicated　in　Table3．　Several　muscles　with　small　CV　values　showed　good　re－
peatabilities　of　the　muscle　activities．
1）iscussion
　　　Activities　of　trunk　muscles　were　already　investigated　by　way　of　physiological　or
diagnostic　information（Basmajian　and　De　Luca，1985）．　However　they　should　also
be　investigated　more　by　way　of　information　to　restore　the　motion　of　patients　for
FES　application．
　　　Qualitative　scores　of　a　muscle　in　an　objective　movement　were　determined　by
considering　the　following　factors：1）whether　the　muscle　is　anatomically　a　prime
mover，　e．g．　the　rectus　abdominis　in　the　anteflexion　movement，2）whether　the
muscle　is　an　antagonist　against　the　gravity，　e．g．　the　rectus　abdominis　in　the　supine
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position　or　the　erector　spinae　in　the　prone　position．　A　qualitative　score　of　a　muscle
was　defined　as　a　number　of　satisfying　conditions　described　previously，　e．g．．the　rectus
abdominis　for　the　anteflexion　movement　in　the　supine　position　has　a　score　of　2（十）．
Scores　in　all　movements　are　listed　in　Table　4．　The　comparison　between　Table　3　and
4suggests　the　general　tendency　that　the　small　value　of　the　coef五cients　of　variation
CV（results　in　Table　3）corresponds　to　high　qualitative　scores（results　in　Table　4）．
The　mean　value（μ），　standard　deviation（SD），　and　CV（＝SD／μ）during　the　rotation
in　the　three　positions　are　depicted　in　Figure　5．　A　remarkable　result　was　that　CV　of
the　left　erector　spinae　during　the　rotation　in　the　supine　position　was　low　and　the
Table　3．　Coe伍cient　of　variation（CV）of　myoelectric　activity
R．A． 0．E．A． E．S．
movementbody　positionright left right left・right 1eft
anteflexion　　　．唐浮垂撃獅 0．3 0．3 0．5 0．5 0．8 1．1
dorsiHexionP「one 1．9 2．0 1．4 1．4 0．2 0．3
lateral 　　・唐浮垂高 1．1 0．7 1．1． 0．1 1．0 0．8
（1eftward）
b?獅р奄獅 prone 2．2 1．6 1．0 0．6 0．6 0．2
unilateral1．2 0．6 1．0 0．5 0．6 0．2
（leftward） 　　．唐浮垂高 0．5 0．3 0．5 0．6 1．6 0．6
　　　　・窒盾狽≠狽撃盾
P「one 1．5 1．1 0．6 0．5 0．5 0．3
　．　　　　　　・rlttlng 1．5 2．0 0．4 0．7 1．9 0．6
RA．　：the　rectus　abdominis
O．EA．：the　obliquus　extemus　abdominis
E．S．　：the　erector　spinae
Table　4．　Qualitative　imPortance
R．A． OE．A． E．S．
movementbody　position
right left right 1eft right left
ante且exion　　・唐浮垂撃獅 十 十
dorsiHexionP「one 十 十
1ateral 　　●唐浮垂撃獅 十 十 十 十
（leftward）
b?獅р奄獅 P「one
浮獅奄撃≠狽?窒≠
十十 十十 十 十十
（leftward） 　　・唐浮垂撃獅 十 十 十 十
rotation prone 十 十 十
sitting 十 十
R．A．　：the　rectus　abdominis
O．EA．：the　obliquus　extemus　abdominis
E．S．　：the　erector　spinae
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mean　value　of　that　case　was　small．　If　a　mean　value　was　adopted　by　way　of　the
criterion，　the　importance　of　that　case　was　ignored　though　the　muscle　was　a　prime
mover　for　the　rotation　as　mentioned　previously．　This　result　suggests　that　CV　can
be　useful　for　the　evaluation　of　importance　for　an　objective　movement．
　　　By　reason　of　the　description　in　the　previous　chapter，　the　influence　of　the　gravity
to　a　subject’s　body　varies　with　his　body　position．　Especially　during　the　rotation，　the
problem　affected　by　the　gravity　is　more　complicated．　When　a　person　turns－over
from　the　supine　position，　the　last　posture　is　approaching　to　the　unilateral　position，
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not　supine　position．　The　position　relative　to　the　horizontal　plane　will　vary　dynami－
・ally　with　th・P・．・gress・f　the　r・t・ti・n・Thu・in　the　rest・・ati・n・th・・timul・ti・n
should　be　adjusted　to　the　progress　of　the　desired　motion　at　any　time；how　far　a
P。ti。nt　perf・・m・th・tu・n－・ver　m・ti・n　in　th・previ・u・case・On　th・t・cca・i・n・it　i・
necessary　to　measure　the　progress　degree　of　the　restoring　motion．　The　rotation
angle　of　the　pelvis　with　the　horizontal　plane　was　measured　as　the　progress　index　for
the　turning・over（Murakami　et　al．，1991）．　The　gravity　problem　will　be　solved　by
revising　the　stimulation　pattern　according　to　the　measured　index，　and　better　FES
motions　will　be　realized．　By　considering　the　influence　of　the　gravity，　Equation　l　is
rewritten　as　follows：
　　　　　　　　　　　　　　D、M（の＝Σ｛、4∠×EM，（t－　T，）｝十RT（Position（の）　　　　　　　（2）
　　　　　　　　　　　　　　　　　　　　　　i
where　Position（のis　the　progress　index，　and　RT　is　a　revise　term　which　converts　the
index　into　the　muscle　activity．
　　　　Figure　5（a）indicates　the　coactivation　of　antagonistic　muscles．　That　coactiva－
tion　of　antagonistic　muscles　is　naturally　performed　in　normal　subjects’motion；
coactivation　of　muscles　in　the　upper　extremity　could　stabilize　the　wrlst　joint　ln　a
functional　position　for　an　objective　grasp　motion（Matsushita　et　al．，1986）．　The
behavior　with　simultaneous　antagonistic　stimulation　which　can　improve　the　non－
linearity　of　neuromuscular　system　has　been　inventigated（Watanabe　et　al．，1992）．
This　concept　of　antagonistic　activation　will　be　extended　to　the　coordination　of
elementa1　movements．　The　stabilization　of　the　trunk　is　necessary　during　the　trans－
fer。f　quad・ip1・gi・p・ti・nt・f・・m　b・d　t・whee1・h・i・，・nd／・r　standing／w・lking・f
paraplegic　patients．　The　trunk　of　a　patient　will　be　stabilized　by　applylng　antagonls－
tic　elemental　movements，　e．g．　the　anteflexion　and　dorsiflexion．　This　is　not　a　restora－
tion　of　an　objective　motion　but　that　of　a　posture．
　　　　The　muscle　activities　in　elemental　movements　can　be　useful　to　create　the
stimulation　pattern　for　the　body　movement　control．　Most　body　motions　in　daily
living　will　be　described　as　the　organization　of　the　resUlts　in　this　paper．　For
example，　the　turning－over　motion　in　our　study　was　constructed　of　several　phases　as
the　activation　of　the　lower　extremity，　the　rotation　of　the　waist　and　chest，　and　so　on
（Mu，ak。mi　et　al．，1991）．　Th・・timu1・ti・n　p・ttern　f・・ad・・ired　m・ti・n　will　b・
determined　with　the　relation　between　the　elemental　movements　and　the　function　in
th，　phase．　Becau・e　a　p・acti・al　b・dy　acti・n　is　c・mp・・ed・f　n・t・nly・1・m・nt・l
movements　of　the　trunk，　but　also　those　of　upper　or　lower　extremities（Hoshimiya　et
al．，1990），　we　should　continue　further　studies　on　EMG　analysis　before　clinical　FES
　apPliCation．
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Concl11」sion
　　　　In　this　paper，　elemental　movements　of　the　thoracolumbar　region　were　analyzed
for　the　restoration　of　the　body　motion　by　FES．　A　coeflicient　of　variation（CV）of　the
muscle　activities　was　evaluated　whether　the　muscle　was　essential　for　an　objective
movement．　And　with　considering　clinical　situation，　the　muscle　activity　with　the
effect　of　the　gravity　according　to　the　shift　of　positions　was　discussed．
　　　　The　well－coordinated　organization　of　those　elemental　movements　will　realize
the　body　movement　control　by　using　the　stimulation　patterns．　In　an　application，　the
body　control　by　FES　will　require　the　modification　of　the　muscle　activities　according
to　the　desired　motion．　The　information　reported　in　this　paper　will　be　applicable　to
the　pattern・c士eation　process　in　FES　for　the　restoration　of　body　motion．
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